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PREFACE 
Concrete has a long journey that through flow the construction technology 
modernization. It transformed its use by engineers, architects, researchers, 
contractors, manufacturers and suppliers to raise the concrete in line with the 
globalization. A detail description of each chapter has been made as follows: 
 
Technology concrete is being well – know technologies in support of creative and 
effective development. Therefore, when considering the lifetime environmental 
impact of a building material; the extraction, production, operation, construction, 
demolition must have followed the latest technologies. A details description of each 
chapter has been made as follows: 
 
The Properties of Foam Concrete as Lightweight Concrete 
This chapter explained Foamed concrete as a lightweight concrete that can be 
exploited in civil engineering works. It is created by the mixture of foam agents in 
mortar to produce random air-voids that are mixed with the fresh concrete. This 
paper aims to review the properties of foam concrete because it can be used in a 
wide variety of application. The challenges for foam concrete are to enhance 
compressive strength while maintained low density and weight of the foam 
concrete. 
 
Strength of Hollow Section Filled with Foam Polypropylene Fibre 
Concrete 
This chapter deliberate past research that use hollow section filled with foam 
polypropylene fibre concrete. This review paper is to determine the strength and 
ductility of concrete filled hollow section. Composite column is formed based on 
combination of steel hollow section and concrete filled foam polypropylene fiber. 
Besides, with the used of foam polypropylene fiber, dead loads acting on the 
structure can be reduced and thus it proved to be lightweight concrete.  
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Lightweight Concrete Rubber 
In this chapter, the use of recycled materials as concrete ingredients is discussing 
because of environmental law increasingly stringent. The problem statement using 
rubber tires for reuse in concrete can benefit from more efficient use of rubber and 
beneficial to the environment and to reduce the cost of construction and it will be 
a new alternative to the current construction industry. 
                     
Study of Steel Fibre Reinforcement on Strength of Lightweight Concrete 
This chapter presents the use of lightweight concrete in structural concrete buildings. 
The load bearing structural members can be minimized and contributes into more 
economical of foundation. Previous study had shown that by using 1.2% steel fibre 
increased the tensile strength of the all-lightweight concrete more than twelve times. 
This chapter aims to identify the potential of adding steel fiber to enhance the 
strength of lightweight concrete. 
 
Using Recycle Plastic as a Lightweight Aggregate for Lightweight 
Concrete 
This chapter discuss an overviews on different type of research that has be 
conducted for the potential of mechanical properties of the lightweight concrete 
containing plastic waste. The material that has been selected is recycled plastic as 
replace material in concrete mixture. The effect of recycled plastic for the 
mechanical properties also presented in this chapter. 
 
Effect of Sintered Fly Ash Lightweight Concrete in Structural Concrete – 
An Overview 
This chapter focused on sintered fly ash aggregate to produce structural lightweight 
concrete. It discussed about the element parameters of the aggregate such as 
physical properties of fly ash as well as binders, the palletization parameters and its 
influence on the aggregate properties. This chapter also reviewed about the 
physical properties of the sintered fly ash aggregates. Thus, this chapter 
demonstrates that sintered fly ash aggregate concrete is one of the potential 
materials for the development of structural concrete. 
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Sheet Glass Powder (SGP) As a Sand Replacement in Concrete Mixture 
This chapter studied on the usage of glass powder in concrete. Glasses are one of 
the materials that can be used to replace sand. Recently, huge amount of sheet 
glass wastage goes to waste, which are not recycled and usually delivered to 
landfills for disposal. Using glass powder in concrete is an intriguing possibility for 
economy on waste disposal sites and conservation of natural resources.   
                  
The Effectiveness of Steel Slag for Aggregate Replacement in 
Concrete 
This chapter discussed the use of steel slag for aggregate replacement in concrete. 
The goal and purpose of this chapter to know the compressive strength of concrete 
and the workability of concrete in the cube to replace coarse aggregate with steel 
slag in the concrete mix. This chapter proved the suitability and workability properties 
of aggregate mixture with steel slag in the concrete mix that can be as a substitute 
aggregate in the concrete mix. 
 
Partial Replacement of Fine Aggregate by Crump Rubber in 
Lightweight Concrete 
In this chapter the use of crumb rubber as a partial replacement of fine aggregate 
in lightweight concrete is being discussed as tire waste was risk to health and 
environmental problem. This chapter summarizes, compare and draw general 
conclusion in term of properties of physical and mechanical of partial replacement 
of fine aggregate by crumb rubber in lightweight concrete. The physical properties 
in this chapter is specific gravity and density while mechanical properties are 
compressive strength and modulus of elasticity. 
 
A Review on Agricultural Waste in Concrete Material 
This chapter discuss the use on agricultural wastes in concrete material as 
lightweight. It aims to raise the concept about using these wastes through 
elaborating upon their engineering properties. This summary on existing expertise 
about the successful use of agricultural wastes between the concrete industry helps 
after discover other existing waste products for use in concrete making. From it 
identification by means of agricultural and civil engineers, considerable 
achievements can stay attained. 
Concrete Technology: Research and Applications Series 2 
 
ix 
 
Conclusion 
To sum up, we would to thank all authors for their dedication and willingness to 
contribute to each chapter found in this book. We are also grateful to our co-editors, 
Isham ismail, Alif Syazani Ismail, Nurul Izzati Raihan Ramzi hannan Fahim Zahar, Siti 
Barkeh Yahya, Syazwani Zamzam Nur Amira Afiza Saiful Bahari and Razaanah 
Mardhiyah Zainudin for their kind assistance in reviewing this book. All constructive 
criticisms and suggestions received have contributed immensely in the publication 
of this book. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Shahiron Shahidan  
Sharifah Salwa  
Siti Radziah Abdullah 
 
Advanced Construction Materials 
Jamilus Research Center, 
Department of Structural and Material Engineering 
Faculty of Civil and Environmental Engineering,  
Universiti Tun Hussein Onn Malaysia. 
2018
Concrete Technology: Research and Applications Series 2 
 
1 
 
 
CHAPTER 3 
Lightweight Concrete Rubber 
Mohammad Yushairi Mohamad1*, Muhammad Faiz Mokhid1, Shahiron Shahidan1,  
Alif Syazani Leman1 
 
1 Jamilus Research Center, Faculty of Civil and Environmental Engineering, 
  Universiti Tun Hussein Onn Malaysia, 86400, Batu Pahat, Malaysia 
*mohammadyushairiery@yahoo.com    
 
 Abstract  
The introduction is the use of recycled materials as concrete ingredients is 
gaining popularity because of environmental law increasingly stringent. The 
problem statement using rubber tires for reuse in concrete can benefit from 
more efficient use of rubber and beneficial to the environment and to 
reduce the cost of construction and it will be a new alternative to the current 
construction industry. 
 
 Keywords—foamed concrete, durability, lightweight concrete 
 
1.0  INTRODUCTION 
An incredible increase in the number of vehicles around the world and the 
lack of both technical and economic mechanisms make that waste tires are 
considered a serious pollution problem waste disposal. In practice, the best 
way to dispose of waste the tire is to reuse them. To date, many researchers 
have engage in this field. In order to solve this problem, some special things 
temporary strategies in recent years have been carried out reuse recycled 
used tires [1]. Research show that using rubber particles to replace the 
aggregate in concrete can to save nature and the environment will be 
protected from waste deposits at the same time. In theory, properties of 
normal concrete would be affected by inclusion of waste rubber particles. 
Used tires are another major environmental problem, with increase the 
amount of rubber residual on landfill from disposal used tires. The reuse of the 
remaining rubber tires from the dyed tires the process can minimize the 
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environmental impact and help the environment source [2]. Recyclable 
waste tire is a promising ingredient in the construction industry due to its light 
properties, elasticity, energy absorption, thermal and thermal insulation 
properties. In this paper the concrete compressive strength using a rubber 
tire was being investigated. Recyclable rubber tire recycling has been used 
in this study to replace fine and coarse aggregates by weight by different 
percentages. The new field of re-use is in the manufacture of concrete, 
where rubber tires can be used as partial replacement to natural 
aggregates [3]. Although rubber concrete has great potential in light 
Concrete application, it has a major weakness is a lack of strength. Some 
research report compression and tensile strength and modulus of elasticity 
for rubber concrete decreased significantly with the increase in the 
aggregate amount of rubber replacement [4]. Lightweight aggregate 
concrete is a new type of concrete with light properties, good heat, fire 
resistance, seismic obstacles and environmentally friendly. It has expanded 
used in tall buildings and long span bridges. Many research works before 
being found mainly focused on examine the performance of mild 
aggregate concrete. Just like regular rubber concrete, rubber particles can 
also be considered used in lightweight concrete. However, there is very little 
research available about the properties lightweight concrete aggregates 
[1]. Recycling waste rubber has been used in many forms application. It has 
been used as a fuel for cement kiln, as a raw material for making black 
carbon, and as imitation coral reefs in marine environment. 
 
2.0  LITERATURE SURVEY  
This Paper aims at the review of lightweight concrete rubber with waste tire 
to attain high strength and economical concrete Also, this research deals 
with the environmental waste reduction by using tires aggregate waste to 
make the lightweight concrete. 
 Aishwarya Lakshmi (2017)[5] paper title “ experimental investigation 
on replacement of course aggregate by shredded rubber tire ” tells the use 
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of recycled tire rubber waste as a replacement for aggregate in concrete. 
In this study an attempt has been made to identify the various properties 
required for the design of concrete mix with the scrap tire rubber as 
aggregate. 
 Pierce and Blackwell (2003)[6] paper title “ Potential of scrap tire 
rubber as lightweight aggregate in flow able fill ” tells the Scrap tires can be 
granulated to produce crumb rubber, which has a granular texture and 
ranges in size from very fine powder to coarse sand-sized particles. Due to its 
low specific gravity, crumb rubber can be considered a lightweight 
aggregate. This paper describes an experimental study on replacing sand 
with crumb rubber in flow able fill to produce a lightweight material.  
 Siddique and Naik (2004)[7] paper title “ Properties of concrete 
containing scrap-tire rubber – an overview ” this paper tells Studies show that 
workable rubberized concrete mixtures can be made with scrap-tire rubber. 
This paper presents an overview of some of the research published regarding 
the use of scrap-tires in portland cement concrete. The paper details the 
likely uses of rubberized concrete.  
 Jing Lv (2015)[1] paper title “Effects of rubber particles on mechanical 
properties of lightweight aggregate concrete ” tells The toughness of rubber 
lightweight aggregate concretes is obvious superior to the plain lightweight 
aggregate concretes. The application of rubber particles in lightweight 
aggregate concretes provides further opportunity to recycle waste tires.  
 Murugan and Natarajan (2015)[8] paper title “ Investigation of the 
Properties of Concrete Containing Waste Tire Crumb Rubber ” tells The 
relationship between static modulus of elasticity and compressive strength 
of concrete with and without crumb rubber was analyzed and compared 
the experimental results with the empirically calculated values by using 
design codes. 
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3.0  THE PROPERTIES OF LIGHTWEIGHT CONCRETE RUBBER 
In this research on the properties of rubber as a lightweight concrete that 
have a few characteristic. According to the previous research there are 
discussed about the characteristic of lightweight concrete rubber which 
classified into fresh and hardened properties. Each property has its own 
specific characteristics influenced by the manufacturing process and 
performance quality. The fresh state of the foamed concrete includes the 
mixture consistency and stability. 
 
3.1  FRESH CONCRETE PROPERTIES 
 
3.1.1  WORKABILITY 
Pacheco-Torgal et al.,[9] used long and pointed coarse aggregate rubber 
with maximum size getting 20 mm concrete with Workability is acceptable 
for low rubber content. The author reports reduction in workability for higher 
rubber content, is that rubber content of 50% leads to zero impairment value. 
Bignozzi & Sandrolini[10] using scraps (0.5 to 2mm) and brakes (0.05 to 
0.7mm) to replace 22.2% and 33.3% of the fines The aggregate in self-
adhesive concrete refers to the introduction of rubber particles not does not 
affect workability in a tangible way if the superplasticizer also improves. El-
Gammal et al.,[11] used crumbed rubber to replace 23 kg fine aggregates 
in concretes with 0.6% of a polxile superplasticizer by cement mass obtaining 
the same workability of the reference concrete. Waris et al.[12]studying the 
effects of rubber waste with a maximum dimension of 4 mm concrete of solid 
self-realizing that rubber replaces the sand increases the workability of the 
concrete due to the presence of viscous agents even on the sum of 180 
kg/m3. Although the majority of the investigation has shown that rubber 
aggregate leads to a decrease in the workability of concrete some authors 
report no workload loss and others despite being observed this opposite 
behavior means that workability is largely dependent on the aggregate 
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rubber properties. Future investigations should examine what rubber waste 
can be used to produce solid self-adhesive [9]. 
 
3.2  HARDENED CONCRETE PROPERTIES 
 
3.2.1  COMPRESSIVE STRENGTH 
Siddique & Naik [7] states that concrete strengths containing silica fume, 
crumb rubber and tire tires decreased with rubber content this author 
indicates that it is possible to produce 40 MPa of concrete replacing 15% of 
the aggregate by the residual rubber. Torgal et al., [9] Using concrete with 
chopped tire chips (15 to 20mm) for aggregate replacement in several 
percentages (2.5%, 5% and 10%) reported losses in compressive strength. The 
results show that the rubber mixtures also contain crushed ash as a substitute 
for partial cement presented with the loss of major compressive strength. This 
means that the low adhesion between cement paste and rubber residue 
becomes lower if admixtures with low pozzolanic activity are used. Sofi[13] 
uses minced tires to replace fine and coarse aggregate which concludes 
that the size of rubber particles has a great influence on compressive 
strength. When the coarse aggregate is replaced by particle tires the loss of 
compressive strength is more profound when compared to the loss of 
concrete compressive strength where fine aggregates have been replaced 
by rubber particles (Table 1).    
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Table 1: Compressive strength of concrete with aggregates replaced by rubber 
particles [13]. 
 
 
Albano et al., [14] research concrete mixtures with two PET waste 
replacement percentages (10% and 20%) and with different PET dimensions 
(2.6 mm, 11.4 mm and a mix of the two). The results show that concretes with 
a waste content of 20% and a higher waste dimensions (11.4 mm) have a 
higher compressive strength loss above 60%. Using just 10% PET waste 
replacement with a mix of the dimensions 2.6 mm and 11.4 mm (in equal 
parts) showed slight reductions in the strength loss between 15% and 20%. 
These authors also report that mixtures with high dimension waste particles 
and a 20% waste volume should be avoided because they present 
formation of honeycombs as shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
Fig. 1: Concrete specimens with honeycombs (a) partial; (b) total [14]. 
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3.2.1.1 EFFECT OF ACID ABSORPTION ON COMPRESSIVE STRENGTH 
Where L25, L50 and L75 are described as the size of tire rubber length of 
25mm, 50mm and 75mm. next, D4 is the depth of the hole of 4mm, 5mm and 
6mm. Percentage of 0%, 5%, 10%, 15%, 20% and 25%, it is divided according 
t to replace tire in aggregate. Compression test was conducted on the 28th 
day age of acid absorbed rubberized concrete cubes. The results are shown 
in Table 2 [15]. 
 
Table 2: Effect of acid absorption on compressive strength [15]. 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.2  TOUGHNESS 
Concrete composites containing tire rubber waste are known for their high 
toughness [16], having a high energy absorption capacity. Some authors 
[17] report a 63.2% increase in the damping ratio (self-capacity to decrease 
the amplitude of free vibrations) for concrete containing 20% rubber 
particles. Bignozzi & Sandrolini[10] mentions that concrete blocking blocks 
containing 8% of rubber tire waste (affecting almost 300% durability 
compared to reference concrete. This method is that concrete waste 
concrete is recommended to be specific to concrete structures located in 
severe earthquake risk areas as well as for the production of train trains. 
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3.2.3  MODULUS OF ELASTICITY 
Because concrete with rubber waste has low compressive strength and the 
relationship exists between compressive strength and modulus of elasticity it 
is expected that they also have lower modulus of elasticity. However, 
Murugan & Natarajan[8] Concrete compared to the same compressive 
strength (a reference and another with 3.3% of crumb rubber) obtained a 
static modulus of different elasticity, 29.6 GPa compared to 33.2GPa for 
reference concrete only 11% higher. other authors Waris et al[12] examine 
the modulus of elasticity of concrete columns with Two sizes of powdered 
rubber (0.6 and 1mm) report the improvement of ductility up to 90%. The 
authors mention that the concrete pile crumb rubber can undergo double-
sided deformation before failure compared to the reference concrete 
column. Khan & Singh confirmed that concrete slabs containing powdered 
rubber with flexible modulus at 2.36 showed higher ductility behaviors that 
fulfilled the ductility of Eurocode 4 [18]. 
 
3.2.4  DURABILITY 
Because rubber residual concrete has a lower compressive strength than 
reference concrete it is expected that the behavior under quick mechanical 
degradation action can also be lower. Siddique & Naik[7] mentions that 
substitution of high amount of sand by rubber residue (14mm) has a lower 
resistance performance assessed by frozen-free, deep-seawater and high 
temperature cycles. Increase rubber percentage change to 10% team the 
permeability of concrete water which means this type of concrete cannot 
be used for applications where water pressure is present such as underwater 
space. Rubber residual concrete resistance is a matter of urgent need for 
further investigation. How different residues affect the resistance parameters 
and most importantly how waste treatment can improve the durability of 
concrete is the question that needs to be addressed [9]. 
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3.3  FLEXURAL STRENGTH  
To determine the flexural strength of concrete with tire rubber. The flexural 
strength of concrete was found out by subjecting the prism flexural testing 
machine of 200 tones capacity at the age of 7 and 28 days [19]. Table 3 
shown the result flexural testing with the ratio of replacement coarse 
aggregate with scrap tire rubber. 
 
Table 3: Flexural strength [19]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4  EFFECT ON IMPACT STRENGTH AND OTHER MECHANICAL 
 PROPERTIES 
Previously, the test was made using 15% and 25% tire replacement into 
concrete aggregate ratio. The compressive strength of concrete and elastic 
properties of concrete depend upon the modulus of elasticity. The more 
rubber tires are used; the modulus of elasticity is decreasing. But when the 
crumb rubber is replaced by 25%, concrete can withstand fractures where 
ultrasound tests are performed and the results indicate no cracking occurs. 
Fig. 2 show where this research uses rubber powder as a substitute for the 
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aggregate of penalties to obtain concrete performance level when the 
mixture is done [20]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Crumb rubber used in experiments [20]. 
 
5.0  CONCLUSION 
In conclusion, that tire rubber users would reduce concrete strength 
because of their low density compared to coarse aggregates. This will cause 
the concrete density to be low too. Common concrete is more fragile than 
concrete with tire rubber. But this kind of concrete can be used as a 
lightweight concrete that can be applied to build non-load-bearing 
structures such as barrier walls, concrete blocks and others. 
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